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For the first time we introduced two Highlight sessions which extracted 'Take Home Messages' from 20 awarded research groups covering the full range from basic science to rehabilitation and prevention. We invited authors to submit extended, illustrated versions of their abstracts to Cerebrovascular Diseases, and 18 of them are published in this article. We hope that this is of major interest to our readers and also stimulates the motivation of investigators active in stroke research of whatever specific topic to contribute to future ESCs.
Michael G. Hennerici Chairman of the ESC Programme Committee Editor of Cerebrovascular Diseases
Nice hosted the European Stroke Conference (ESC) for the second time since 2008. The ESC 2014 took place at the newly refurbished Nice Acropolis Convention Centre located in the heart of the city and was attended by 3,632 participants including 204 invited speakers, chairpersons and committee members.
An exciting and outstanding programme was prepared, with teaching courses (attended by 1,045), the Nurses and AHP Educational Programme, more than 10 mini-symposia, joint society sessions and educational symposia as well as a large number of individual original scientific contributions: in a rigorous peer review process more than 1,500 abstracts of excellent quality had been submitted from 63 countries all over the world, including more than 40% from non-European countries. There were 286 oral communications, and for the first time 933 e-posters were presented using 30 electronic terminals, which was highly appreciated by presenters and attendants during two big guided poster sessions. This new technology also allowed participants to visualise posters through free access during the full meeting. A new interactive e-book including all abstracts finally accepted was available with a huge selection of tables and figures online during the conference and thereafter in our corresponding high impact-listed journal (IF 3.7) Cerebrovascular Diseases (http://misc.karger.com/products/ CED_2014_037_S1/index.html).
As usual, large clinical trial sessions were well attended, although to some extent results were disappointing: in contrast to the large number selected for two sessions (n = 17), only 2 authors really presented new and important studies.
The initial presentation in the first session was given by Pierre Amarenco on behalf of the TIA Registry doc.org Investigators: he reported exciting data on the 1-year out-
Background
Sporadic cerebral amyloid angiopathy (CAA) is a highly prevalent, yet under-recognised, age-related disease [1] . It is caused by progressive amyloid-β deposition in small cortical and leptomeningeal vessels. In some patients with severe disease, amyloid-β deposits might cause the blood vessels to become brittle and fragile, so that blood can leak out leading to devastating lobar intracerebral haemorrhage (ICH), the commonest recognised manifestation of CAA [1] [2] [3] [4] . Lobar ICH associated with CAA carries a high risk for recurrence, which is probably even greater compared to deep ICH (presumed due to hypertensive arteriopathy) [5, 6] , but this risk is currently difficult to predict.
Several factors predisposing to an increased lobar ICH risk have been described in CAA, including: apolipoprotein E ε4 and ε2 alleles [7] ; haemorrhagic neuroimaging markers of CAA such as lobar cerebral microbleeds on blood-sensitive MRI sequences [8] , the number of haemorrhages (macro-or micro-) at baseline [8] and the use of antiplatelet treatment following symptomatic lobar ICH [9] . However, little is known about cortical superficial siderosis (cSS), a recently identified but common neuroimaging marker of CAA, and the risk of subsequent ICH. In CAA, cSS quite characteristically affects the cerebral convexities. It reflects blood breakdown products that line the outermost surface of the cortex or are in the subarachnoid space [10, 11] . One likely underlying mechanism leading to cSS is repeated episodes of haemorrhage into the subarachnoid space from brittle superficial cortical or leptomeningeal CAA-laden vessels, potentially heralding a high risk of future lobar ICH [12] .
We therefore investigated the hypothesis that cSS on MRI, especially cSS involving multiple sulci (i.e. disseminated, reflecting more widespread or active disease), is associated with an increased risk of future symptomatic ICH in patients with CAA.
Methods
We undertook a European multicentre retrospective cohort study of prospectively identified consecutive patients diagnosed with probable/possible CAA according to the Boston criteria [13] with available MRI and adequate follow-up. The centres were: UCL (University College London) Hospitals NHS Foundation Trust Follow-up data on symptomatic spontaneous lobar ICH were obtained from a systematic review of prospective databases, and medical and radiological records. Outcome events were assessed using all clinical, radiological and pathological information available, blinded to the presence of cSS at baseline MRI. cSS was defined as linear residues of chronic blood products in the superficial layers of the cerebral cortex showing a characteristic 'gyriform' pattern of low signal on T2 * -GRE images, without corresponding hyperintense signal on T1-weighted or FLAIR images (i.e. without acute subarachnoid haemorrhage). We did not include cSS contiguous with any ICH. The distribution of cSS was classified as focal (restricted to ≤ 3 sulci) or disseminated (>3 sulci) [10] . Kaplan-Meier and Cox regression analyses were used to investigate cSS [focal or disseminated (i.e. >3 sulci involved)] as a predictor of future ICH risk, adjusting for known confounders, including the burden of cerebral microbleeds, age and previous history of symptomatic lobar ICH ( fig. 1 ).
Results
The final cohort consisted of 118 patients fulfilling the diagnostic criteria for CAA: 8 patients with pathologically proven CAA, 86 patients with probable CAA and 24 patients with possible CAA based on the Boston criteria [13] . Of these, 104 (88%) patients presented with symptomatic lobar ICH at baseline. The median time between all baseline symptomatic ICH and first MRI was 17 days (interquartile range, IQR: 3-75.5 days). Forty-one patients (43.8%, 95% CI: 26.2-44.6%) had cSS at baseline. During a median follow-up time of 24 months (IQR: 9-44 months), 23/118 (19.5%; 95% CI: 12.8-27.8) patients experienced symptomatic lobar ICH ( table 1 ) . Any cSS and disseminated cSS were predictors of time until first/recurrent ICH (log-rank test: p = 0.0045 and p = 0.0009, respectively). ICH risk at 4 years was 25% (95% CI: 7.6-28.3%) for patients without siderosis; 28.9% (95% CI: 7.7-76.7%) for patients with focal siderosis, and 74% (95% CI: 44.1-95.7) for patients with disseminated cSS (log-rank test: p = 0.0031). Any cSS and disseminated cSS were independently associated with increased lobar ICH risk after adjusting for ≥ 2 microbleeds and age in Cox regression models (hazard ratio, HR: 2.53, 95% CI: 1.05-6.15, p = 0.040, and HR: 3.16, 95% CI: 1.35-7.43, p = 0.008, respectively). Our main results were also consistent in sensitivity analyses including cSS, cerebral microbleeds, previous history of symptomatic ICH and age in multivariable models. These results also remained consistent in subgroup analyses of only patients with lobar ICH at baseline.
Conclusions
We have shown that cSS is associated with a high risk of ICH recurrence in patients diagnosed with CAA; the risk is particularly high if siderosis involves multiple cerebral sulci. Our findings suggest that cSS is a useful new prognostic marker in CAA and may help stratify future bleeding risk with implications for prognosis and treatment (e.g. avoiding antithrombotic agents in patients with disseminated cSS) or future clinical intervention studies. Larger cohorts are needed to confirm our results and further explore clinical implications. 
Background
It is estimated that 700 million children are exposed to passive smoking worldwide [1] . It is, therefore, surprising that we know very little about the long-term cardiovascular effects of smoking exposure, with no longitudinal studies examining whether exposure to parental smoking in childhood adversely affects the vascular structure into adulthood. We examined this association in two cohorts followed up to 25 years from childhood to adulthood, with results recently published in the European Heart Journal [2] .
Methods
The study comprised participants from the Cardiovascular Risk in Young Finns Study (YFS, n = 2,401) and the Childhood Determinants of Adult Health (CDAH, n = 1,375) study. Exposure to parental smoking (none, one or both), total number of smokers in the home (CDAH study only, range: 0-5) and cumulative exposure to parental smoking over a 3-year period [YFS only, range: 0 (no exposure 1983 and 1986) to 4 (both parents 1983 and 1986)] was assessed by questionnaire. B-mode ultrasound of the carotid artery determined intima-media thickness (IMT) in adulthood using a common protocol. Linear regression on a pooled dataset accounting for the hierarchical data and potential confounders, including age, sex, parental education, participant smoking, education and adult cardiovascular risk factors, was conducted.
Results
Carotid IMT in adulthood was greater in those exposed to both parents' smoking than those whose parents did not smoke ( table 1 , adjusted marginal means ± SE: 0.647 ± 0.022 vs. 0.632 ± 0.021 mm, p = 0.004). The effect was independent of participant smoking at baseline and follow-up and other confounders, including adult cardiovascular risk factors, and was uniform across categories of age, sex, adult smoking status and cohort. It equated to a vascular age 3.3 years greater in those exposed compared to those not exposed. In CDAH, each additional person smoking in the home was associated with a 0.007 ± 0.003 mm (p = 0.025) increase in IMT in adulthood ( table 2 ) , while in the YFS greater cumulative exposure from 1980 to 1983 was associated with greater IMT in adulthood (per unit of exposure 0.003 ± 0.002 mm, p = 0.066). Sensitivity analyses examined whether adjusting for alternative measures of covariates available in a re- duced sample affected the results. These included childhood socioeconomic status or smoking and adult packyears of smoking or passive smoking (nonsmokers in YFS only). The results were unchanged with adjustment for these alternative covariates.
Conclusions
These results suggest a direct and pervasive effect of exposure to parental smoking on children's vascular health up to 25 years later. It is, therefore, imperative that we continue efforts to reduce smoking among adults to protect children and reduce the burden of cardiovascular disease across the population. 
Background
Copeptin, the C-terminal-portion of pro-vasopressin, is a useful prognostic marker in patients after myocardial infarction (MI) and heart failure. More recently, high levels of copeptin have also been associated with worse functional outcome and increased mortality 3 months after ischaemic stroke and transient ischaemic attack (TIA). However, to date, there are no published data on the long-term prognostic value of copeptin after TIA or stroke.
Methods
We analysed copeptin in consecutive eligible patients with TIA or minor ischaemic stroke in a populationbased study (Oxford Vascular Study) recruited from 2002 and followed up to 2013. Levels were measured with a sandwich immunoluminometric assay as soon as possible after the index event and after 1 year. Associations with the risk of recurrent vascular events were determined by Cox regression.
Results
Copeptin levels were determined in 839 patients at baseline (median time to sampling 5 days, interquartile range: 2-10) and in 309 patients after 1 year. During about 5,000 patient-years of follow-up, with a median of 6.4 years, there were 131 recurrent strokes, 46 MI and 131 vascular deaths; 317 patients died of any cause. Copeptin levels at baseline were strongly correlated with 1-year levels (r = 0.72, p < 0.001), only moderately to age or baseline National Institutes of Health Stroke Scale scores (r = 0.26 and 0.32, respectively, both p < 0.001) but not to time from event to sampling.
After adjustment for age, sex, hypertension, diabetes, previous MI, previous stroke, previous peripheral vascular disease, smoking status, chronic heart failure, atrial fibrillation and therapy with antiplatelet agents, statins or antihypertensive agents, copeptin was predictive of recurrent ischaemic stroke -hazard ratio (HR) per SD = 1.31, 95% CI: 1.10-1.58, p = 0.004; results were consistent for recurrent stroke/MI and even pronounced for vascular death ( table 1 ) . In addition, copeptin was also highly predictive of death of any cause (HR = 1.51, 95% CI 1.34-1.70, p < 0.0001). Analysis of levels by tertiles revealed similar results -stroke/MI: top tertile versus lowest tertile: HR = 1.76, 95% CI 1.17-2.66, p = 0.007; recurrent ischaemic stroke: HR = 2.21, 95% CI 1.37-3.55, p = 0.002, and vascular death: HR = 2.77, 95% CI 1.63-4.69, p < 0.0001. The predictive value of copeptin was stronger when we analysed associations of 1-year levels and recurrent vascular events (recurrent ischaemic stroke: HR = 1.70, 95% CI 1.30-2.21, p < 0.0001; stroke or MI: HR = 1.60, 95% CI 1.24-2.07, p < 0.0001).
As compared to a panel of standard biomarkers related to inflammation (IL-6, C-reactive protein, neutrophil gelatinase associated lipocalin and TNF receptor 1), thrombosis or atherogenesis (fibrinogen, von Willebrand factor antigen, P-selectin, D-dimer, thrombomodulin and antiphosphorylcholine) and cardiac or neuronal function or injury (N-terminal pro-brain natriuretic peptide, hearttype fatty acid binding protein, brain-derived neurotrophic factor and neuron-specific enolase), copeptin was the strongest predictor of recurrent vascular events ( fig. 1 a, b) .
Conclusion
In patients with TIA or minor ischaemic stroke, copeptin predicted recurrent vascular events and all-cause death. Further validation and mechanistic studies are required. 
Background
Use of aspirin in the secondary prevention after transient ischaemic attack (TIA) and ischaemic stroke is based on randomised controlled trials (RCTs) done almost entirely in patients aged <75 years. However, patients aged ≥ 75 years now constitute almost half of all those with TIA or ischaemic stroke. Reliable data on the risk and severity of bleeds in this older age group are therefore important.
Methods
We prospectively determined the age-specific rates and severity of all bleeding events necessitating medical attention during follow-up in all patients on aspirinbased antiplatelet treatment after TIA or ischaemic stroke from the first 10 years of a population-based study (Oxford Vascular Study, OXVASC). Face-to-face interview, all-hospital and primary care diagnostic coding and blood transfusion data in Oxfordshire were used to identify all bleeding events requiring medical attention. The severity of all bleeding events was classified by the CURE (Clopidogrel in Unstable Angina to Prevent Recurrent Events) trial criteria. Major bleeding was defined as substantially disabling with persistent sequelae, intraocular bleeding leading to significant loss of vision or bleeding requiring transfusion of 2 or more units of blood. It was further classified as fatal or life-threatening if it led to a decrease in haemoglobin of 5 g/dl, if it caused significant hypotension requiring intravenous inotropes or surgical intervention, if it resulted in symptomatic intracranial haemorrhage, or if it necessitated transfusion of 4 or more units of blood. Bleeding events that required medical attention but did not fulfil the criteria for major bleeding were defined as minor bleeding. Bleeds secondary to major trauma, major surgical procedures or coagulation abnormalities were not included. Bleeding sites were defined as intracranial (intracerebral, subdural or subarachnoid haemorrhage) and extracranial (upper and lower gastrointestinal, genitourinary and other). We compared rates to pooled estimates of major bleeding rates in all RCTs of aspirin for the secondary prevention after TIA and ischaemic stroke.
Results
Of 2,072 patients on antiplatelet treatment (1962/ 2,072, 94.7% aspirin based), 984 patients (47.5%) were <75 years and 1,088 (52.5%) ≥ 75 years. Compared to RCTs (mean age: 63 years), patients in OXVASC were much older. During 8,799 patient-years of follow-up, 254 patients with first bleeding events (117 major bleedings) presented to medical attention, of whom 193 (76%) were hospitalised acutely. The absolute risks of major bleeding increased sharply with age ( fig. 1 ). At age <75 years (mean = 62), the annual rate of major bleeding during a 3-year follow-up was 1.1% (27 events; 95% CI 0.7-1.6%), which was highly comparable to the pooled rate from 14 aspirin trials (mean age: 63 years; mean follow-up: 2.5 years; 520 major bleeds/52,984 patient-years, 1.0%, 95% CI 0.8-1.1). However, the risk of major bleeding was significantly higher (p < 0.0001) in study patients aged ≥ 75 years (68 events; 3.2%, 95% CI 2.5-4.1) and the bleeds were more severe ( table 1 ; p < 0.0001).
Conclusions
The absolute risk of major bleeding on aspirin-based antiplatelet treatment in patients with TIA and ischaemic stroke aged <75 years is consistent with the risk reported in RCTs. However, risks are much higher and more severe in older patients, for whom there are no data from RCTs on the overall balance of risk and benefit. 
Background/Aim
Symptomatic intracranial atherosclerosis is one of the most important causes of stroke worldwide and it is associated with a high risk of stroke recurrence even with aggressive medical treatment. Knowledge on symptomatic intracranial atherosclerosis is increasing in the last decades. However, data of population studies on the prognosis of asymptomatic intracranial atherosclerosis are lacking. We aimed to study the prognostic impact of intracranial atherosclerosis from its asymptomatic stage in a population-based cohort.
Methods
The Barcelona-AsIA (Asymptomatic Intracranial Atherosclerosis) study is a prospective population-based study aimed to determine the prevalence of asymptomatic intracranial atherosclerosis, its associated clinical, molecular and genetic risk factors, and its prognostic impact. The AsIA study included a random sample of 933 Caucasian subjects >50 years with a moderate-high vascular risk (assessed by REGICOR score, which is the Framingham risk score validated for the Spanish population) and without a history of stroke or coronary disease. Table 1 . T en-year bleeding risks stratified by age and bleeding severity (ICAS) were screened by color-coded duplex ultrasound, being moderate-severe stenosis confirmed by MR angiography. Subjects are being contacted every 6 months and hospital records checked to assess the incidence of vascular events and/or death. Events are adjudicated by a committee blinded to clinical/atherosclerosis data. The follow-up period is projected for 5 years from the baseline visit, so here we present preliminary results of the followup study. Primary outcome was defined as the occurrence of any vascular event (stroke, acute coronary syndrome and/or vascular death) and secondary outcome as the occurrence of stroke. We assessed Kaplan-Meier curves (log-rank test) and constructed Cox regression models adjusted by age, sex, REGICOR score, presence of carotid plaques and presence of intracranial stenosis. REGICOR scores are calculated based on age, sex, diabetes, smoking, blood pressure and cholesterol levels.
Results
The mean age of the study participants was 66.4 years and 64% were male. At the baseline visit, 80 of the 933 subjects were found to have asymptomatic intracranial stenosis (ICAS group), 427 had at least one extracranial carotid plaque (ECAS group) and 449 had neither carotid plaques nor intracranial stenosis (no atherosclerosis group); 23 subjects had both extracranial and intracranial lesions (ECAS + ICAS group). The mean follow-up period of the entire cohort at the moment of the present analysis was 19.8 (±10.5) months. During this time, 23 subjects had a stroke, 28 had an acute coronary syndrome and 26 died (6 were deaths from vascular origin). Survival curves for both primary and secondary outcomes with respect to atherosclerosis location are presented in figure 1 . After multivariate Cox regression analyses, independent predictors for overall vascular events were age (hazard ratio, HR 1.06, 95% CI 1.03-1.11), presence of intracranial stenosis (HR 3.35, 95% CI 1.84-6.08) and presence of carotid plaques (HR 2.65, 95% CI 1.29-5.46). Independent predictors for stroke were also age (HR 1.08, 95% CI 1.02-1.14), presence of intracranial stenosis (HR 4.59, 95% CI 1.92-10.95) and presence of carotid plaques (HR 3.85, 95% CI 1.09-13.5). The REGICOR score did not remain as an independent predictor in adjusted models.
Conclusions
In this population-based cohort study, we found that the presence of asymptomatic intracranial stenosis was associated with a higher risk of future vascular events, especially of stroke. This was independent of conventional vascular risk factors (REGICOR) and the presence of extracranial carotid plaques. These findings might have important implications for the development of primary prevention strategies. 
Background
Hypertension is a major modifiable risk factor for recurrent stroke and vascular disease. However, the prevalence of hypertension is often underestimated, due in part to reliance on single readings in the clinic, with rates of 'masked' hypertension [patients who have normal clinic blood pressure (BP) readings but elevated home readings] ranging from 10 to 30% in different populations. Moreover, although randomised trials show that blood pressure lowering is highly effective in the secondary prevention of stroke, rates of control in practice are low. Home BP monitoring is useful as it reduces the effect of white coat hypertension, allows multiple readings to be collected, giving better prognostic accuracy than office BP measurements alone, and helps quantify BP variability. Patients are also able to see the direct effect of antihypertensive medication on their BP, which might help to aid compliance. We, therefore, sought to determine the feasibility of using Bluetooth telemetric home monitoring of BP to improve control after a transient ischaemic attack (TIA) or minor stroke.
Methods
We studied consecutive eligible patients with a recent TIA or non-disabling stroke in a population-based study. After prescription of initial BP-lowering therapy, if required, patients measured their BP 3 times over 10 min on 3 occasions each day at home with a Bluetooth-equipped monitor (t+ Medical, Abingdon, UK) for 1-3 months, depending on control. Measurements transmitted automatically in real time using mobile phone technology were checked daily on a secure web page. If BP was consistently above 130/80 mm Hg or below 100/60 mm Hg, antihypertensive therapy was adjusted. Patients underwent 24-hour ambulatory BP monitoring at 1 month, and BP control was assessed again in the clinic at 3 months. Patients' views were evaluated by an anonymised questionnaire at 1 month.
Results
Of 897 eligible patients, 845 agreed to participate (94%; mean/SD age = 69/13; range = 21-98 years; 23% ≥ 80 years), of whom 12 (1.4%) withdrew within 1 month. Masked hypertension (BP ≤ 140/90 at initial assessment and mean BP>135/85 across the first 3 days of monitoring; AHA definition) was found in 266 (32%) patients. Monitoring resulted in 77% of patients having changes in BP medication. Of patients in whom changes were made, 72% initiated/increased dose and 24% stopped/decreased dose between 0 and 1 month and 66% initiated/increased dose and 31% stopped/decreased dose between 1 and 3 months. Mean (SD) BP was 150 (21) mm Hg (systolic) and 82 (11.3) mm Hg (diastolic) at study entry and 126 (15.8) mm Hg (systolic) and 72 (10.0) mm Hg (diastolic) at the 3-month follow-up.
A mean of 8.7 readings per patient per day was achieved. Among the 460 (55%) patients who responded to the questionnaire, 415 (90%) approved of intensive monitoring and 407 (88%) were reassured by the remote surveillance; 78 (17%) felt the process made them feel anxious and 69 (15%) felt it was too time-consuming.
At baseline, 46% of patients were not taking any antihypertensive medication, 19.7% were taking 1, 19.2% were taking 2 and 15.2% were taking 3 or more antihypertensive drugs. At 1 month, 21.3% were not taking any, 15.3% were taking 1, 32.7% were taking 2 and 30.7% were taking 3 or more antihypertensive drugs. At their 12-month follow-up, 31.3% of patients were not taking any, 13.6% were taking 1, 25.9% were taking 2 and 29.8% were taking 3 or more antihypertensive medications.
Conclusion
Telemetric home BP monitoring is feasible and well tolerated in patients with TIA and minor stroke irrespective of age. Monitoring detects high levels of masked hypertension, provides information regarding titration of medication in the majority of patients and is associated with good BP control at 3 months. Home monitoring serves to raise awareness and educate patients, as they are able to see the direct effect that antihypertensive medication has on their BP. This aids long-term compliance, which is reflected by the majority of patients remaining on 2 or 3 antihypertensive agents at 6 months and 1 year. 
Background
High blood pressure (BP) predicts a poor outcome in intracerebral haemorrhage (ICH), but the influence of BP variability (BPV) has been less certain. We examined the significance of BPV in the INTERACT2 study. patients with mainly mild-moderate severity of acute spontaneous ICH. BPV was based on standardised readings: 5 on day 1 (hyperacute phase) and 12 on days 2-7 (acute phase). Associations of BPV with poor outcome (death or dependency; modified Rankin scale score ≥ 3) at 90 days were estimated in staged logistic regression models: model 1 adjusted for age, sex and treatment group; model 2, adjusted for all covariables in model 1, plus region, National Institutes of Health Stroke Scale score and haematoma volume, and model 3, adjusted for all covariables in model 2 plus mean BP. The key index of BPV was standard deviation (SD) for SBP (SD-SBP), which was categorised into quintiles with odds ratios (OR) and 95% confidence intervals (CI) estimated using the lowest 5th as reference.
Results
We studied 2,645 (93.2%) and 2,347 (82.7%) INTER-ACT2 participants in the hyperacute and acute phases of ICH, respectively. SD-SBP showed a significant linear association with outcome in the hyperacute (highest 5th adjusted OR 1.41, 95% CI 1.05-1.9; p trend = 0.02) and acute (OR 1.57, 95% CI 1.14-2.17; p trend = 0.012) phases ( fig. 1 ). In the hyperacute phase, all parameters of systolic BPV were significantly associated with outcome, and in the acute phase, all except average real variability remained significantly associated ( table 1 ) . The strongest BPV parameters that predicted outcome were maximum SBP (hyperacute phase) and SD-SBP (acute phase). Diastolic BPV and mean arterial pressure were weakly associated with outcome.
Conclusion
Peaks in SBP, defined by systolic BPV, are an independent predictor of outcome in ICH. Mean and maximal SBP were defined as the most meaningful BPV parameters for clinical practice; whereas diastolic BP and mean arterial pressure had limited prognostic significance. The potential benefits of early BP-lowering treatment to a target (140 mm Hg) SBP may be enhanced by smooth and sustained control, with avoidance of peaks in SBP in the setting of acute ICH. 
Background
Subarachnoid hemorrhage (SAH) accounts for about 5% of all stroke episodes. Nearly one third of all strokerelated years of potential life lost before age 65 years is attributable to SAH, which makes the impact on the loss of productive life years similar to that of ischemic stroke [1] . Data on long-term trends in incidence and case fatality of SAH are sparse. Also, the prognostic impact of comorbidity has been examined for ischemic stroke and intracerebral hemorrhage, but not yet for SAH. We, therefore, conducted a population-based cohort study to examine nationwide trends in first-time hospitalization and case fatality following SAH in Denmark between 1983 and 2012.
Methods
Denmark has approximately 5.6 million inhabitants and the Danish National Health Service provides universal tax-supported health care, guaranteeing unfettered access to general practitioners and hospitals. In this nationwide study, we used the Danish National Registry of Patients to identify all patients with a first-time hospitalization for SAH during 1983-2012. The database is based on discharge diagnoses and covers all Danish hospitals. We used the Danish Civil Registration System to obtain the vital status of the patients in the years following their hospitalization. This linkage is possible by use of the central personal registration number system, which assigns a unique personal identification number to each Danish citizen at birth and to residents upon immigration. Ageadjusted standardized hospitalization rates for SAH were calculated using the year 2000 population as reference. We computed age-standardized 30-day, 1-year and 5-year mortality rates by sex. Calendar periods of diagnosis (1983-1987, 1988-1992, 1993-1997, 1998-2002, 2003-2007 and 2008-2012) were compared using mortality rate ratios based on Cox regression. We used the Charlson Comorbidity Index score to describe comorbidity, separating the scores into four categories (no, moderate-, severe-and very severe comorbidity). The index score predicts 1-year mortality among patients who may have a range of comorbid conditions. It includes 19 conditions, including diabetes, myocardial infarction and chronic lung disease. It is constructed based on the hospitalization history, which was conducted for each patient going back to 1977.
Results
We identified 18,120 first-time hospitalizations for SAH. Women accounted for 58.5% of all cases. From 1983 to 2012, the median age increased from 54 to 64 years for women and from 53 to 62 years for men.
Within the 30-year period, the proportion of patients having no comorbidity before admission decreased from 86.3 to 67.1%. Patients who had moderate comorbidity increased 6.9% (from 7.2 to 14.1%), whereas those with very severe comorbidity also increased 6.9% (from 1.7 to 8.6%).
The annual standardized rate of first-time hospitalization for SAH per 100,000 person-years increased during this 30-year period overall by 25% from 12 (95% CI 11-13) to 15 (95% CI 14-16). The hospitalization rate peaked in year 2007 and was followed by a minor decrease towards the end of the period. The hospitalization rate was higher among women than men within the entire period, but the developments over time were comparable ( fig. 1 ) .
Thirty-day, 1-year and 5-year mortality declined from 38.0, 43. 8 In 2003-2007, SAH patients without comorbidity had an overall 24.6% 30-day mortality risk, increasing to 28.4% at 1 year and 34.2% at 5 years. The corresponding mortality risks associated with very severe comorbidity were 40.8, 54.9 and 75.6%, respectively. Overall, higher severity of comorbidity was associated with increased risk of both short-and long-term mortality. 1 9 8 8 1 9 8 7 1 9 8 6 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 30-day mortality 1-year mortality 5-year mortality 1 9 8 5 1 9 8 8 1 9 8 7 1 9 8 6 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 In the period 1983-1987, the adjusted 1-year mortality risk ratio among those with moderate comorbidity was 1.17 (95% CI 0.90-1.52) compared with 1.18 (95% CI 0.98-1.43) in the period 2008-2012. Overall, the impact of comorbidity on mortality did not change within the observed period.
Conclusions
The median age at first-onset SAH among both women and men increased by approximately 10 years in Denmark during the period 1983-2012. There was an increase in the rate of first-time hospitalization for SAH overall by 25%. Further, the proportion of patients with very severe comorbidity increased by more than a factor of 5 and constituted approximately 1 out every 10 patients at the end of the study period. Despite this increase, there were no major changes in the impact of comorbidity on mortality over time. Driven by a reduction in 30-day mortality, both short-and long-term survival after SAH improved markedly during the 30-year period. 
Background
The Montreal Cognitive Assessment (MoCA) test is a simple screening tool with good sensitivity and specificity in detecting mild cognitive impairment (MCI) [1] . Moreover, the MoCA test has been proposed as a valid instrument to evaluate patients with vascular cognitive impairment because it includes items reflecting mental speed and executive functions. The widely used MiniMental State Examination (MMSE) has been reported to be poor in detecting MCI and suboptimal in assessing cognitive abnormalities associated with cerebrovascular disease [1, 2] .
Diffusion tensor imaging (DTI) is an MRI technique that allows to study in vivo the tissue microstructure and is often applied to study cerebral white matter (WM). It has been shown that microstructural changes depicted by diffusion images predict faster decline in psychomotor speed, executive functions and working memory regardless of conventional MRI findings [3] .
We aimed at assessing whether WM ultrastructural damage in patients with MCI and small vessel disease (SVD) is more strongly reflected by MoCA than MMSE performances taking into account other neuroimaging variables.
Methods
The Vascular Mild Cognitive Impairment (VMCI) in Tuscany study is a multicenter, prospective, observational study designed to estimate the effect of clinical, neuroimaging and biological markers of SVD in predicting the transition from VMCI to dementia. To be included, patients had to be classified as affected by VMCI with SVD according to the following criteria: (1) MCI defined according to Winblad criteria and (2) MRI evidence of moderate-to-severe WM hyperintensities according to the modified version of the Fazekas scale. The VMCITuscany methodology and study protocol have been extensively described in a previous paper [4] .
For all patients, demographic variables (age, education and gender) were collected. Regarding neuroimaging evaluation, lacunar infarcts, global cortical atrophy, medial temporal lobe atrophy (MTLA), and DTI parameters (mean diffusivity, MD, and fractional anisotropy, FA) were assessed. All patients were evaluated with MoCA (0-30) and MMSE (0-30).
Bivariate statistical analyses (independent t test, ANO-VA and Pearson's r) were used to evaluate associations of demographic and neuroimaging variables with MoCA and MMSE.
We performed four linear regression models to evaluate associations of MoCA and MMSE with each neuroimaging variable, which resulted in significant differences in univariate analysis independently from age, education and gender. In order to evaluate which test was more strongly associated with each DTI parameter, we also performed 2 models of partial correlation analysis . In the first model, we adjusted only for demographic variables. In the second model, we adjusted for demographics and all neuroimaging variables.
Results
Ninety-six patients (mean age ± SD: 75.2 ± 7.1, females 43.7%, mean years of education 7.6 ± 4.1) were evaluated. The mean MoCA score was 19.2 ± 4.2, the mean MMSE score 26.2 ± 3.2.
In univariate analyses, we found a significant association of both MoCA and MMSE scores with age, education, gender, atrophy and DTI but not with WM hyperintensities and lacunar infarcts ( table 1 ) .
In linear regression models, FA was only related with MoCA In the first model of partial correlation analysis, adjusting for demographic variables, only MoCA was significantly associated with MD while both tests were related with FA. In the second model, after removing the effect of both demographics and neuroimaging variables, we found the same significant correlations ( table 2 ) .
Conclusions
In this comparison between two widely used cognitive screening tests, when adjusting for demographics and other MRI variables, only MoCA correlated with MD, while both tests correlated with FA. We did not find any association between both cognitive tests and cerebrovascular lesions detected by conventional neuroimaging.
Perhaps, the somehow stronger association of MoCA with ultrastructural WM damage seen in our study could be considered an indirect support for the use of this screening test in patients with cognitive impairment related to SVD.
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Background
Intracerebral hemorrhage (ICH) remains the most untreatable type of stroke. Because no interventions have consistently shown to improve mortality or functional outcomes after ICH, recent basic science research, adapted from models in cerebral ischemia, have concentrated on studying the effects of normobaric hyperoxia (NBO) as a treatment modality for ICH. An animal model of NBO after ICH demonstrated that this therapy neither worsened nor improved outcome in animals exposed to high oxygen concentrations [1] . One of the proposed mechanisms by which NBO would be beneficial in ICH is related to the ability of NBO to alter the expression of matrix metalloproteinases, which are upregulated in areas surrounding the hematoma [2] . For example, a recent study demonstrated that the expression of MMP-9 could be blunted by NBO [3] . A major concern with NBO therapy in ICH may be related to its potential to aggravate the oxidative stress in the surrounding hematoma [4] . As ventilation and oxygenation remain understudied strategies after ICH, we sought to test the hypothesis that failure to correct hyperoxia was associated with higher inhospital case fatality in ventilated patients with ICH admitted to the intensive care unit (ICU).
Methods
The study was designed as a retrospective multicenter cohort study. Data were derived from Cerner Project Impact (PI) (Bel Air, Md., USA). Ventilated ICH patients were admitted within 24 h to the ICU at 77 United States hospitals between 2003 and 2008. To assess the effect of medical complications on in-hospital mortality, we collected data on organ dysfunction during the ICU stay according to the definitions of PI [5] . Hospitals were divided by hospital location into: urban, suburban and rural; by type into community (nonacademic), academic (university based) and public, and according to the criteria of Hal pern et al. [6] into small-medium size (<300 beds), large (301-499 beds) and extra large (>500 beds). Specific data on the National Institutes of Health Stroke Scale, ICH score or admission imaging were not available from the PI repository. Patients were divided into three exposure groups: hyperoxia (PaO 2 ≥ 300 mm Hg), hypoxia (PaO 2 <60 mm Hg or PaO 2 /FiO 2 ratio ≤ 300) and normoxia (defined as no hyperoxia or hypoxia, as previously suggested by animal and observational studies) [5, 7] . The primary outcome was in-hospital case fatality. In multivariable analysis, generalized estimating equations were used to account for potential correlations in mortality rates among patients sampled within hospital clusters. We also performed a sensitivity analysis using propensity scores to test if hyperoxia remained a significant independent predictor of in-hospital case fatality [8] .
Results
The study included 1,388 ventilated ICH patients [47% (653/1,388) female] with a mean age of 63 years (SD 15) and median Glasgow Coma Scale (GCS) score of 5 (interquartile range 3-8). The overall case fatality was 59% (812/1,388). Upon admission to the ICU, 36% (492/1,388) were normoxic, 47% (641/1,388) were hypoxic and 17% (238/1,388) were hyperoxic. After initial resuscitation, 46% (352/780) were normoxic, 45% (352/780) were hypoxic and 9% (67/780) were hyperoxic. Of the initially admitted hyperoxic patients, 15% (21/138) remained hyperoxic and had a case fatality of 82% (18/21) compared to 49% (67/138) who became normoxic and had a case fatality of 46% (32/67; crude odds ratio, 6.6; 95% CI, 1.8-25, χ 2 = 9.4, p = 0.002). In a multivariable analysis controlling for other predictors of poor outcome and hospital-specific characteristics, and a propensity score, failure to correct hyperoxia was associated with higher case fatality (adjusted odds ratio, 2.5; 95% CI, 1.1-6.1, p = 0.04). Additional factors associated with higher case fatality were: non-rural hospital admission, comorbid conditions, male sex, do not resuscitate (DNR) status, GCS <8, mean arterial pressure <60 mm Hg, anemia, absence of intracranial pressure monitors, organ dysfunction in the ICU and hypoxia. In our sensitivity analysis, the following variables were predictors of hyperoxia exposure in ventilated ICH patients: GCS <8, GCS 8-12, admission to non-small or non-medium to large hospital size. No other variables were significantly associated with hyperoxia exposure. We did not observe significant interactions in the variables retained in the generalized estimating equation model.
Conclusion
In this large multicenter cohort study of ventilated ICH patients, we have demonstrated that failure to correct admission hyperoxia was associated with higher inhospital case fatality. The effect is robust and independent of other factors associated with poor outcome, including patient-specific factors, hospital characteristics and the probability of being exposed to hyperoxia. To our knowledge, this is the first observational study reporting the association between failure to normalize hyperoxia upon admission to the ICU and in-hospital case fatality in ventilated ICH patients, which differs from results of prior observational studies in nonmedical and stroke populations. Our data underscore the need for studies of controlled reoxygenation in ventilated ICH patients. In the absence of results from clinical trials, unnecessary oxygen delivery should be avoided in ventilated ICH patients. 
Inflammatory Biomarkers, Cerebral Microbleeds and Small Vessel Disease: The Framingham Heart Study
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Background
Cerebral small vessel disease (CSVD) assessed using brain magnetic resonance imaging (MRI) is characterized by three main findings that include cerebral microbleeds (CMBs), covert brain infarcts (CBIs) and white matter hyperintensities (WMHs). In recent years, there has been growing interest in alternate mechanistic causes of CSVD, including activation of the inflammatory cascade with endothelial failure and neurovascular unit dysfunction. Accordingly, we aimed to assess the association of a comprehensive panel of systemic inflammatory markers with MRI measures of CSVD.
Methods
We assessed a panel of 15 biomarkers, representing systemic inflammation [C-reactive protein, IL-6, monocyte chemotactic protein-1, TNF-α, TNF receptor 2 (TNFR2), osteoprotegerin and fibrinogen], vascular in-flammation [intercellular adhesion molecule-1 (ICAM-1), CD40 ligand, P-selectin, lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ) mass and activity, total homocysteine and vascular endothelial growth factor] and oxidative stress [myeloperoxidase (MPO)] in 1,763 stroke-free Framingham offspring participants (mean age 60.2 ± 9.1 years, 53.7% women). MRI markers of CSVD were divided into hemorrhagic (CMBs) and ischemic (CBIs and/or extensive WMH) subtypes. Participants were determined to have extensive WMH if the natural log of the ratio of WMH volume to total cranial volume was >1 SD above the age-adjusted mean WMH volume. CBIs and CMBs were rated as per standard practice. Natural logarithmic transformation was performed on inflammatory biomarkers that had a skewed distribution, as well as on WMH volume to total cranial volume ratios. Multivariate logistic regression was used to obtain odds ratios (ORs) and 95% confidence intervals (CIs) for the association of each biomarker and each outcome (CMBs and CBI/extensive WMH). Our primary model adjusted for age, sex, time interval between baseline examination (time of blood sampling) and MRI acquisition, and the other MRI measures of interest (CMBs for the ischemic CSVD analysis, and CBIs and WMH volume for the CMB analysis).
Results
CMBs were present in 8% of the sample (n = 141), and 63% of cases had strictly lobar CMBs. In multivariate analysis ( table 1 ), higher levels of circulating TNFR2 (OR 2.2, 95% CI 1.1-4.2) and MPO (OR 1.5, 95% CI 1.1-2.0) were each associated with CMB presence. These associations remained significant after additionally adjusting for hypertension, statin use and antithrombotic medication use. CBIs were present in 13% (n = 222) of the sample and 21% (n = 370) were deemed to have extensive WMH volume. The combined outcome of CBI and/or extensive WMH volume occurred in 30% (n = 522). In multivariate analysis ( table 2 ), higher levels of circulating osteoprotegerin (OR 1.1, 95% CI 1.0-1.2), ICAM-1 (OR 1.7, 95% CI 1.1-2.5) and Lp-PLA 2 mass (OR 1.5, 95% CI 1.1-2.1), and lower levels of MPO (OR 0.8, 95% CI 0.7-1.0) were associated with the presence of CBIs and/or extensive WMH volume. These associations remained significant after additionally adjusting for hypertension, diabetes mellitus, current smoking and prevalent cardiovascular disease (coronary heart disease, heart failure and peripheral vascular disease). 
Background/Aims
Left atrial appendage occlusion (LAAO) is considered a valuable alternative to oral anticoagulation therapy for stroke prevention in patients with nonvalvular atrial fibrillation (AF). The Amplatzer cardiac plug is a self-expandable device based on the well-established Amplatzer occluder technology and specifically designed for LAAO, which has demonstrated favorable feasibility and safety results in observational studies. This study aimed to investigate the safety, feasibility and efficacy of LAAO with the Amplatzer cardiac plug for stroke prevention in patients with AF.
Methods
Data from consecutive patients treated in 22 centers were prospectively collected, transferred in a dedicated database and retrospectively analyzed. The recommendation by the device manufacturer following LAAO was to prescribe acetylsalicylic acid (ASA) 80-100 mg and clopidogrel 75 mg daily for 1-3 months and then only ASA 80-100 mg for another 3 months. However, the choice and the duration of antithrombotic therapy were individualized depending on the patient history, indication for LAAO and physician preference.
Results
A total of 1,047 patients were included in the study. Their mean age was 75 ± 8 years; 576 patients (55%) were >75 years old. Permanent AF was present in 594 patients (57%), whereas 404 (39%) had a history of stroke/transient ischemic attack. The mean CHADS 2 score was 2.8 ± 1.3 and the mean CHA 2 DS 2 -VASc score was 4.5 ± 1.6. The mean HAS-BLED score was 3.1 ± 1.2. A score ≥ 3 was present in 742 patients (72%). The main indication for LAAO was previous major bleeding (47%), followed by high risk for bleeding (35%) and coronary stenting mandating triple anticoagulation (22%; fig 1 ) . In 16% of the patients, one of the indications was a stroke on warfarin. The composite of previous bleeding (major or minor) and high bleeding risk was 73%. Procedural success was 97.3%. There were 45 (4.3%) periprocedural major adverse events: death 8 (0.8%), stroke 9 (0.9%), myocardial infarction 1 (0.1%), cardiac tamponade 13 (1.2%), major bleeding 13 (1.2%) and device embolization needing surgery 1 (0.1%). Eight of 13 major bleeding events were related to femoral artery access (not a necessary feature of LAA closure). All air embolism events were transient, without need for treatment or sequelae. All device embolizations reported as non-major adverse events where successfully snared and percutaneously removed without sequelae. Follow-up was complete in 1,001/1,019 (98.2%) successfully implanted pa- tients (average 13 months -total 1,349 patient-years). ASA monotherapy increased from 31 to 64% and warfarin monotherapy decreased from 16 to 1.6%. One-year allcause mortality was 4.2%. A total of 63 deaths were reported at follow-up (17 due to cardiovascular causes). These were not reported as device related. There were 9 (0.9%) strokes and 9 (0.9%) transient ischemic attacks during follow-up. The annual rate of systemic thromboembolism (periprocedural and follow-up) was 2.3% (31/1,345 patient-years), which translates into a 59% risk reduction ( fig. 2 ). There were 15 (1.5%) major bleedings during follow-up. The annual rate of major bleeding (periprocedural and follow-up) was 2.1% (28/1,345 patient-years), which translates into a 61% risk reduction ( fig. 2 ).
Conclusions
In this multicenter study, LAAO with the Amplatzer cardiac plug had a high procedural success and showed a favorable outcome regarding efficacy for the prevention of AF-related thromboembolism. Modification in antithrombotic therapy after LAAO resulted in the reduction of bleeding events. 
Disclosure Statement
Background
Urgent medical assessment is essential after major stroke, as well as transient ischaemic attack (TIA) and minor stroke. However, fast assessment is often hindered by pre-hospital delays. The face-arm-speech-time (FAST) test was devised as a tool to increase recognition of stroke symptoms by the public, patients and paramedics, and has since formed the basis of public education campaigns in many countries, including the UK, Ireland, USA, Australia and New Zealand, with variants in several non-English-speaking countries. Despite the large international investment in the FAST campaign, no published studies have yet assessed its impact on patient response to stroke at a population level. We aimed to determine whether there has been any sustained impact of the FAST TV campaign on patient behaviour at the population level in the UK.
Methods
We prospectively determined patient behaviour after all incidences of TIA, minor stroke (National Institutes of Health Stroke Scale ≤ 3) and major stroke in an ongoing UK population-based study (Oxford Vascular Study) from 2002 to 2013. We assessed changes in patients' perception, time to seeking medical attention, hospital arrival and use of emergency medical services (EMS) before and after introduction of the national televised FAST campaign in the UK (1st April 2009), as well as per year, to assess any sustained impact of campaign continuation.
Results
Among 2,393 consecutive patients with acute cerebrovascular events, 668 (27.9%) presented following major stroke, and 1,725 (72.1%) after TIA and minor stroke. Of all major strokes, 92.6% included one or multiple FAST symptoms, whereas only 60.6% of TIA and minor strokes were FAST positive. Patients with major stroke were more likely to present directly to emergency services [odds ratio (OR) 2.18, 95% CI 1.54-3.09, p < 0.0001] after the campaign and to arrive at hospital within 3 h (OR = 2.18, 95% CI 1.55-3.06, p < 0.0001; fig. 1 ). Median time (interquartile range) to seeking attention fell from 0.88 (0.25-4.42) to 0.52 h (0.12-2.00; p = 0.005) and median time to hospital arrival from 3.08 (1.47-14.75) to 1.98 h (1.30-4.27; p < 0.0001). There were steep declines in the use of non-emergency services ( fig. 2 a) and hospital arrival within 3 h ( fig. 2 b) in 2009, coinciding with onset of the FAST campaign, which have been sustained thereafter. Since the campaign, patient delays have been responsible for less than one third of the delay in getting to hos-pital in those contacting EMS directly after major stroke. In the vast majority of major stroke cases (553/617; 89.6%) and about half of TIA and minor stroke cases (790/1,478; 53.5%), first medical attention was sought by somebody other than the patient. Details on perception of these relatives/bystanders were not collected.
Conclusion
Delays to seeking and receiving medical attention after major stroke in the UK fell strikingly in 2009, coinciding with the start of the FAST TV campaign. Campaign impact on response to TIA and minor stroke, however, was less beneficial, and symptom recognition may have been adversely affected. Future public education campaigns should continue the emphasis on urgent presentation via EMS and may benefit from additional focus on minor and transient symptoms. That medical attention was sought by a bystander after the majority of cerebrovascular events illustrates the importance of mass media public education rather than only focused programmes in high-risk groups. 
Background
Convexal subarachnoid hemorrhage (cSAH) is increasingly recognized to be associated with cerebral amyloid angiopathy (CAA), but little is known about its evolution. We studied the initial MR features of cSAH in CAA and their evolution.
Methods
We performed a retrospective analysis of consecutive patients admitted to our institution for an acute nontraumatic cSAH meeting the criteria of probable or possible CAA according to the Boston criteria, who underwent initial MRI evaluation and another scanner at least once during the follow-up. The period of inclusion extended from January 2007 to January 2011. We reviewed the intensity, contrast enhancement, distribution and evolution of the sulcal and parenchymal signal abnormalities.
Results
Twenty-three patients (14 women; mean age ± SD: 75.9 ± 7.9 years) were included. The most frequent clinical events were repeated transient neurological deficits including sensitive deficits with a migraine-like progression (15/23; 65.2%) or a limb weakness (5/23; 21.7%). Eighteen patients (78.2%) underwent at least one followup MRI (median time 3 months; range 1-23). The mean time of follow-up ± SD was 21.9 ± 13.5 months. In all patients, acute cSAH appeared as a sulcal FLAIR hyperintensity and GRE T2 hypointensity filling one or few sulci. It was combined with other hemorrhagic sequelae such as subcortical or cortical microbleeds or hematomas. The central sulcus was involved in 14 patients (60.9%). No abnormality of the brain parenchyma facing the cSAH was observed. None of the patients presented with acute ischemic lesions visible on diffusion-weighted imaging. Local contrast enhancement was associated with cSAH in all but 1 of the 21 patients (95.1%) evaluated initially by T1 with gadolinium. This contrast enhancement followed the leptomeninges in 15 patients and resembled congested vascular structures in 5 cases. In 21 patients (91.3%), focal superficial hemosiderosis was noticed in cortical areas remote from the acute cSAH. FLAIR high-signal intensity initially observed in the sulci rapidly decreased, becoming isointense at the end of the 1st month, then hypointense. The gadolinium enhancement lasted 1-2 months and disappeared on later controls. On GRE T2, the acute bleeding left sequelae of 'railroad' superficial hemosiderosis in all patients. New subarachnoid bleedings on GRE T2 were detected in 15/18 cases (83.3%) in distant territories. In 8/15 patients, the new event was acute (hyperintense on FLAIR) or subacute (only enhanced after gadolinium). Four of these acute-subacute cSAH were symptomatic. The 7 remaining patients showed progression of superficial hemosiderosis in new cortical areas in favor of older asymptomatic cSAH already transformed into focal siderosis. Seven patients (30.4%) presented at least one symptomatic intraparenchymal hematoma during follow-up, 2 during the 1st week and the other patients during the next months (range 1-31). Five of them had an associated cSAH adjacent to the parenchymal hematoma in the days preceding or at the time of this new acute hemorrhage.
Conclusions
In the context of CAA, cSAH is associated initially with transient contrast enhancement that may be related to pial inflammation or vascular congestion. cSAH evolves constantly into superficial hemosiderosis. This findings can allow radiologists to better determine the stage of cSAH. After the initial event, there is a high rate of cSAH recurrence, mostly asymptomatic, leading to progression of hemosiderosis. Moreover, patients with CAA-related cSAH seem rapidly at high risk of symptomatic intracerebral hemorrhage. Hence, acute cSAH and hemosiderosis should be considered as a warning sign for future parenchymal hematoma. Figure 1 summarizes the initial MR features and the evolution of cSAH in the context of CAA. 
Background
Despite continuous improvements in intravenous thrombolysis (IVT) and endovascular therapy (intra-arterial thrombolysis, IAT) for acute ischemic stroke, 7-10.5% of the patients suffer from symptomatic intracerebral hemorrhage (ICH) that deteriorates their outcome. Known risk factors for symptomatic ICH are advanced age, higher baseline National Institutes of Health Stroke Scale score, arterial hypertension, hyperglycemia and signs of early infarct demarcation on CT or MRI ( table 1 ).
The question whether cerebral microbleeds (CMBs) visible on MRI in acute stroke increase the risk for ICH or worsen outcome after thrombolysis is unresolved. Few studies addressed this issue; however, they suffered from several methodological limitations, e.g. the location of CMBs was not taken into account or the T2 * gradient echo MRI was used, which is less sensitive for CMB detection than susceptibility-weighted images (SWI). The aim of this study was to analyze the impact of CMB burden and predominant CMB locations (detected by SWI) on the bleeding risk after thrombolysis and clinical outcome in a large cohort of patients treated for acute ischemic stroke. 
Methods
Inclusion criteria were (1) ischemic stroke diagnosed by MRI including SWI; (2) IVT, IAT or bridging therapy, and (3) follow-up MRI or CT within 72 h after therapy. Bleeding complications were graded according to PRO-ACT II. From 2010 to 2013, we treated 724 patients with IVT, IAT or bridging IVT and IAT, of whom 392 patients had SWI before treatment. CMBs were rated retrospectively. The criteria to diagnose CMB on SWI were (1) round or ovoid lesion <5 mm; (2) area of homogeneous SWI signal loss and 'blooming', and (3) more than one half of the lesion surrounded by parenchyma ( fig. 1 ). Multivariable regression analysis was used to determine the impact of CMBs on ICH and outcome.
Results
Of 392 patients (mean age ± SD: 68.1 ± 13.7 years; 43.1% females), 174 were treated with IVT, 150 with IAT and 68 with bridging (table 1) . CMBs were detected in 79 (20.2%) patients; 61/79 patients harbored 1 or 2 CMBs, while 10/79 patients had 5 or more CMBs. No significant difference in CMB detection was noted between 1.5-(n = 55; 21.2%) vs. 3-tesla MRI (n = 24; 18.0%; p = 0.507). Higher age (p < 0.001) and arterial hypertension (p = 0.002) predicted the existence of CMB in multivariable regression analysis. The presumed etiology was hypertensive encephalopathy (36.7%), cerebral amyloid angiopathy (26.6%) and indeterminate (36.7%). After treatment, CT was performed in 355 patients (90.6%) and MRI in 37 patients (9.4%).
Symptomatic ICH occurred in 21 (5.4%) and asymptomatic in 75 (19.1%) patients; 61 (15.6%) of these bleedings were within and 35 (8.9%) outside the infarct. Neither the existence of CMB, their burden, predominant location nor their presumed etiology influenced the ICH risk for symptomatic or asymptomatic ICH. A higher CMB burden increased the risk for ICH outside the infarct slightly (p = 0.048, odds ratio 1.004, 95% CI 1.000-1.008). At the 3-month follow-up, 199/340 patients (58.5%) had a favorable outcome and 287 (84.4%) survived. Neither outcome nor survival were associated with CMB existence (p = 0.256/p = 0.309) or burden (p = 0.228/p = 0.412).
Conclusion
CMBs were detected on SWI before treatment in 20.2% (79/392) of stroke patients, which is less than the 34% previously reported in ischemic stroke. A possible explanation could be the lower number of lacunar strokes or different risk factors in our thrombolysis-treated patients compared to previous reports. The limitations of this study include the retrospective analysis and the different thrombolysis techniques used for treating our patients; however, the latter was considered in our analysis.
To conclude, CMB detected on pretreatment SWI did not increase the risk for ICH or worsen outcome, even when CMB burden, predominant location or presumed etiology were considered. There was only a very small increased risk for ICH outside the infarct with increasing CMB burden that does not advise against thrombolysis in such patients. 
Background
Syphilis is a classical example of a systemic infectious disease in which multiorganic manifestations are protean. Central nervous system involvement is thought to have been first described by Amatus Lusitanus in 1558 [1] . Mechanisms by which syphilis can cause cerebrovascular disease (CVD) include meningovascular syphilis secondary to arteritis of small, medium and large vessels, meningeal and perivascular space inflammation, and arterial dissection, namely carotid artery dissection [2, 3] . The advent of penicillin significantly decreased chronic complications such as neurosyphilis, but more recently a significant increase in the annual incidence of syphilis was observed in developed countries [4, 5] . Our aim was to study syphilis in a hospitalbased population of patients with CVD, and to evaluate the usefulness of routine diagnostic testing in these patients. 
Results
A total of 49,369 biological samples tested for B-VDRL were found in the electronic database, corresponding to 34,475 patients; 2,164 patients with CVD were tested for B-VDRL, and 91.5% had acute IS or TIA; their median age was 64 years (interquartile range = 52-73) and 55.8% were male. B-VDRL was positive in 20 patients with CVD (0.9%), and 2 additional patients had false-positive B-VDRL (positive anticardiolipin antibody). CSF-VDRL was positive in 7 CVD patients ( table 1 ). The majority of CVD patients with positive CSF-VDRL presented with acute IS (n = 5); 1 patient had a non-traumatic carotid artery dissection with only local signs and 1 patient presented with acute cognitive deterioration suggestive of vascular dementia with multiple cerebral non-recent cerebral ischemic lesions. All except 1 patient had at least one of the following vascular risk factors: arterial hypertension, diabetes mellitus, dyslipidemia or smoking. All patients were HIV negative and immunocompetent. Six patients had arterial magnetic resonance angiography (MRA), and 2 of these patients underwent digital subtraction angiography. Three patients had imaging findings suggestive of vasculitis, 1 patient had cervical carotid artery dissection, 1 patient had an isolated proximal middle cerebral artery stenosis (probably atherosclerotic) and in 1 patient MRA was normal ( fig. 1 ). CSF analysis revealed mild pleocytosis in 2 patients and mild protein elevation in 1 patient.
In our population of CVD patients, it was necessary to test B-VDRL in 108 patients to diagnose 1 case of systemic syphilis (cost per diagnosis EUR 219.65) and 309 patients to diagnose 1 case of CVD possibly attributable to syphilis (cost per diagnosis EUR 694.21). 
Conclusions
Syphilis is a rare cause of CVD. In our study population, we found 7/2,164 CVD patients (0.3%), all immunocompetent, who fulfilled the criteria for definite neurosyphilis. In 2 of these patients with neurosyphilis, we cannot be certain of the causality between treponemal infection and CVD: patient 2 had probably atherosclerotic symptomatic intracranial stenosis and patient 7 had no intracranial vascular study.
Recommendation for testing syphilis serologies in CVD patients should consider the annual incidence of local syphilis, but also the costs and benefits involved. In our center, syphilis serology is included in the first-line etiological investigation protocol for IS and TIA, but this recommendation is debatable. Our study revealed that in order to diagnose 1 case of neurosyphilis, we needed to test approximately 309 CVD patients, which, given the low cost of the VDRL test, amounted to EUR 694.21 in total. Compared to the costs and diagnostic yield of other diagnostic tests routinely performed in acute IS patients, we argue that this cost analysis per diagnosis of neurosyphilis in CVD patients is highly favorable and that a VDRL test should be recommended as first-line investigation in patients with acute IS and TIA.
This study has several limitations, e.g. its retrospective nature, the use of a clinical pathology electronic database for patient selection, absence of standardized investigation in patients with positive CSF-VDRL and the lack of follow-up data, which prevented a more comprehensive cost-effectiveness analysis.
Methods
The Radboud University Nijmegen Diffusion tensor and MRI Cohort (RUN DMC) study is a prospective cohort study in 438 older people with SVD aged 50-85 years without dementia. Depressive symptoms were assessed using the Center of Epidemiologic Studies Depression Scale (CES-D). They were considered present in patients with a CES-D score ≥ 16 and/or current use of antidepressive medication, taken for depression, irrespective of their actual CES-D score, because depressive symptoms were considered to be the indication for the medication prescription. All patients underwent DTI. The in-house-developed algorithm named 'PATCH' was employed to the raw diffusion data to detect and correct head and cardiac motion artifacts using an iteratively reweighted least-square algorithm. Next, fractional anisotropy, mean diffusivity, axial and radial diffusivity, and mode of anisotropy images were calculated using DTIFit within the FSL toolbox, which were fed into the TBSS pipeline. Age, sex, level of education, current use of antidepressant medication, normalized total brain volume and global cognitive function were considered as possible confounders. Global cognitive function was evaluated by the Mini-Mental State Examination and the cognitive index.
Results
Demographic, clinical and neuroimaging characteristics are shown in table 1 . Mean age did not significantly differ between participants with (65.6 years, SD 8.6) or without depressive symptoms (64.8 years, SD 8.9). There were no significant differences for total WMH volume, lacunar infarcts and normalized total brain volume between the groups. Compared to nondepressed participants (n = 287), those with depressive symptoms (n = 151) had lower fractional anisotropy in the genu and body of the corpus callosum, bilateral inferior fronto-occipital fasciculus, uncinate fasciculus and corona radiata. These differences disappeared after adjustment for WMH and lacunar infarcts. Mean, axial and radial diffusivity were higher in these areas in participants with depressive symptoms. After additional adjustment for WMH and lacunar infarcts, the changes observed in radial diffusivity also disappeared ( fig. 1 ). Adding global cognition as confounding variable altered the diffusion parameters only slightly. As antidepressant medication in itself can have effects on the structural integrity of WM, we repeated the analyses while controlling for current use of antidepressant medication. These analyses did not alter our findings. 
Conclusions
This study shows regional differences in the microstructural integrity of WM using TBSS in a large sample of elderly participants with or without depressive symptoms. We found that participants with depressive symptoms had a lower microstructural integrity in several WM regions. Lower microstructural integrity was predominantly located at the prefrontal WM fibers, disrupting the frontosubcortical circuits, which are involved in emotional processing. The loss of microstructural integrity in our participants with depressive symptoms might, at least in part, be related to the presence of SVD. However, other mechanisms might also play a role in the etiology of depression, independent of cerebrovascular disease. The analysis of the full spectrum of DTI-derived parameters is relevant and provides additional insights into the pathophysiological mechanisms that underline the occurrence of depressive symptoms in elderly patients with SVD. Both direct and indirect effects of SVD may result in axonal loss [higher axial diffusivity (AD)] and demyelinization [higher radial diffusivity (RD)]. It also helps us to refine the imaging endophenotype of patients with depressive symptoms for future studies. Future studies are, however, needed to investigate the influence of SVD not only on structural connectivity, but also on functional connectivity and the effect of treatment. This information is important in understanding the pathology of depressive symptoms in elderly patients with SVD and might be of added value to find a more specific medical treatment for elderly patients with depressive symptoms. 
Results
We included 63 cohorts, involving 3,424 patients with a total of 10,029 patient-years of follow-up; 49 cohorts reported on neurosurgery in 2,684 patients with a total of 6,707 patient-years of follow-up; 14 cohorts reported on stereotactic radiosurgery in 740 patients with a total of 3,322 patient-years of follow-up. The incidence of the composite outcome was 6.1 (95% CI 5.4-6.8) per 100 person-years of follow-up after any treatment (median follow-up 3.7 years), 6.6 (95% CI 5.7-7.5) per 100 person-years after neurosurgical excision (median followup 3.3 years) and 5.4 (95% CI 4.5-6.4) after stereotactic radiosurgery (median follow-up 4.0 years). The incidence of death was 0.3 (95% CI 0.2-0.4) per 100 personyears of follow-up after any treatment, 0.3 (95% CI 0.2-0.4) per 100 person-years of follow-up after neurosurgical excision and 0.3 (95% CI 0.2-0.6) per 100 person-years of follow-up after stereotactic radiosurgery. The incidence of non-fatal intracranial haemorrhage was 1.9 (95% CI 1.6-2.2) per 100 person-years of follow-up after any treatment, 1.1 (95% CI 0.8-1.4) per 100 person-years of follow-up after neurosurgical excision and 3.2 (95% CI 2.7-3.9) per 100 person-years of follow-up after stereotactic radiosurgery. The incidence of a new or worse persistent focal neurological deficit was 3.2 (95% CI 2.8-3.7) per 100 person-years of follow-up after any treatment, 4.3 (95% CI 3.7-4.9) per 100 person-years of follow-up after neurosurgical excision and 1.2 (95% CI 0.8-1.7) per 100 person-years of follow-up after stereotactic radiosurgery ( table 1 ) . After neurosurgical excision, the incidence of the composite outcome increased with every percent point increase in the proportion of a study of patients with brainstem CCM (risk ratio, RR, 1.03, 95% CI 1.01-1.05) and decreased with each more recent study midyear (RR 0.91, 95% CI 0.85-0.98) and each percent point increase in patients presenting with haemorrhage (RR 0.98, 95% CI 0.96-1.00). We did not find significant associations in studies of stereotactic radiosurgery ( table 2 ).
Conclusion
The reported risks of CCM treatment (and the lower risks of neurosurgical excision over time from recently bled CCMs and for CCM outside the brainstem) compare favourably with the risks of recurrent haemorrhage from CCM. The quantified risk after treatment and associations with this outcome may help to guide patient man- 
Background
The data on the effects of treatment from case series can help in the decision making about whether to treat a patient with a cerebral cavernous malformation (CCM) by estimating overall risks and associations with them. However, individual case series are often underpowered to do this. The aim of this study was to quantify the risk of CCM treatment more precisely and to examine study level associations with outcome after treatment.
Methods
We searched Ovid Medline, EMBASE and the Cochrane Library for peer-reviewed publications of cohort studies describing outcomes of treating 20 or more patients with a confirmed CCM diagnosis by MRI or pathology with at least 80% completeness of follow-up, and at least 90% intraparenchymal CCM. Two reviewers extracted data to quantify the incidence of a composite outcome and its constituents (death, non-fatal intracranial haemorrhage, or new or worse persistent focal neurological deficit) any time after CCM treatment. We explored associations between pre-defined summary measures of study characteristics and outcome using Poisson metaregression analyses. The characteristics of interest were average age, proportion of women, proportion of brainstem CCMs and proportion of patients presenting with CCM haemorrhage. surgery was similar to neurosurgical treatment. However, long-term effects, especially important for stereotactic radiosurgery, are unknown. A randomised controlled trial is desirable to make direct comparisons of approaches to treatment where there is clinical equipoise. agement when indirectly comparing the risks of treatment and the untreated clinical course of CCM. The risks and associations we found for neurosurgical excision suggest that they compare favourably in the short term with the course of CCM outside the brainstem that have bled. The overall incidence of events after stereotactic radio- Table 1 . C haracteristics of the included cohorts and incidence of the composite outcome (and its constituent events) per 100 personyears of follow-up according to the modality of CCM treatment ICH = Intracranial hemorrhage; FND = focal neurological deficit;. * p < 0.05, indicating significant differences in the median proportion of this study characteristic between cohorts describing neurosurgical treatment and cohorts describing treatment by stereotactic radiosurgery.
a The percentage is the number of cohorts reporting on a specific study characteristic divided by the total number of cohorts.
b One cohort of 22 patients treated using stereotactic radiosurgery was separated into 11 patients treated using Gamma Knife radiosurgery and 11 patients treated using linear accelerator. Table 2 . A ssociations between study characteristics and the incidence of the composite outcome (death, non-fatal intracranial haemorrhage, or new or worsened persistent focal neurological deficit attributed to CCM or its treatment)
Study characteristic
All cohorts (n = 63) Neurosurgery (n = 49) Stereotactic radiosurgery (n = 14) ICH = Intracranial haemorrhage. All analyses were adjusted for patient age, sex, proportion of brainstem CCM and proportion of patients presenting with haemorrhage, unless stated otherwise. RR are expressed per 1% increase in the proportion of patients with a study characteristic or per 1-year increase in age or mid-year. *We did not analyse the effect of mid-year on the composite outcome in all cohorts together because there was a significant interaction between mid-year and treatment modality (p = 0.003).
